Introduction
Hardiness in the apple excites the greatest consideration when one is selecting varieties for an orchard in a northern latitude or in a region with a rigorous climate. The only definite procedure to ascertain this has been to grow the apple tree to bearing age. The underlying reasons why one variety of apple will maintain itself under climatic extremes of drought, heat and cold, while another will not, have been sought since pioneer days. The problem is of particular economic importance in the upper Mississippi valley because there are practically no commercial orchards of winter apples of any kind in this region. Orchardists, nursery men and fruit breeders, unmindful of the size of their task and the time factor involved, have attempted to secure by "trial and error" methods a knowledge of the nature of the conditions producing the qualities they sought. Considering the proposition from any point of view it would seem that a hardy variety must have some constant characteristic or combination of characteristics by which it may be distinguished from varieties which are tender, very early in life, and thus shorten the time and lessen the labor of selection in apple breeding.
In considering a problem of this kind it should be borne in mind that the units of which plant tissue is composed are the cells and it is within these individual cells that the factor or combination of factors which make for hardiness reside. These cellular units may be regarded as colloidal systems, the greater part of which are hydrophilic in nature. It would only be natural to consider that in these colloidal materials are to be found the forces which make for hardiness.
Historical Review
As early as 1860 SACHS (33) stated that ice formation in plant tissue takes place principally in the intercellular spaces, and hence rupture of the cells may not be directly attributed to freezing. MWILLER-THURGAU (22, 23) concluded from his experiments that freezing of plant tissue is accompanied by a withdrawal of water from the cell and the formation of ice crystals in the intereellular spaces. On thawing, this water of the inter-mumn" temperature rather than to injury through direct desiccation.
The results obtained by WIEGAND (38, 39, 40) in 1906 are in close agreement with those of MEULLER-THURGAU. He studied microscopically the effect of low temperature on buds of the horse chestnut and other trees. He was able to detect ice in the intercellular spaces when the temperature had fallen as low as -18°C. Water probably came out of the cell through the equalizing action of the force of imbibition following the abstraction of water by the ice crystals from the surface film lining the intercellular spaces. He concluded that in no case can the death of any plant be traced directly to absolute cold alone at a temperature below the freezing point. There is a critical point in the moisture content of every cell, beyond which death results due to the actual withdrawal of water to form ice, not to shock, overstimulation, nor any other action of cold. A hardy plant holds water with such tenacity that not enough can be extracted by cold to cause death. Similar conclusions were drawn by WHIPPLE (37) (17) who investigated the osmotic properties of leaves of some evergreens at Ontario, Canada. The osmotic pressure of the cell sap was in no case great enough to account for prevention of freezing of tissue.
HARVEY (14) made extensive studies on the nature of the hardening process in succulent plants such as cabbage and tomato and found that the principal effect of the hardening process is a change in the constituents of the protoplasm which prevent their precipitation as a result of the physical changes incident upon freezing. The proteins are changed to forms less easily precipitated as indicated by an increase in the amino-acid content of the cabbage plants on hardening. The factors which produce protein precipitation on the freezing of a plant juice are held to be principally the increase in the hydrogen-ion concentration and the increase in the concentration of the salts. The latter factor was held to be insufficient to cause precipitation except under the conditions of a changed acidity. NEWTON (24) , on the other hand, in an investigation of the hardiness of winter wheat, found no constant relation between the hydrogen-ion concentration, depression of the freezing point, or specific conductivity of the cell sap and relative frost hardiness. He also reported that the relation between water soluble nitrogen and hardiness was not constant.
Working on the question of the dormancy in the plum STRAUSBAUGH (35) found that the water in the tissue of hardy trees is held more firmly or in a more stable state than in the tender ones. iIicrochemical studies showed that dormancy involved a protoplasmic change in the buds that was much more pronounced in the hardy varieties. Protein was evidently modified but just how was not known. He stated that it is possible that there is induced, as a result of these modifications, a very decided change in the colloidal condition within the cells which increases the force of imbibition so that the water of the protoplast is retained against the dehydrating force of freezing.
BEACH and ALLEN (4) studied the structure and composition of twigs of numerous varieties of apples to find if these qualities correlate with hardiness. Cutting, compression and penetration tests, as well as specific gravity tests, seemed to indicate some correlation between hardness of wood and hardiness but exceptions were found. Maturity of the wood and low moisture content at the beginning of cold weather is stressed as an important factor. They concluded that from the practical viewpoint it is impossible to name any one test by which the degree of constitutional hardiness of a seedling apple may be foretold. Maturity of tissue as a factor in hardiness was also emphasized by GLADWIN (12), SHUTT (34), ROBERTS (29) , POTTER (28), CARRICK (7) , BRADFORD (6), HOWARD (16), and DORSEY and BUSH-NELL (10) .
The physico-chemical properties of the sap of seventeen apple varieties were tested by BAKKE, RADSPINNER, and MANEY (3). Since it appeared that the freezing point lowering difference for different varieties was not in itself sufficient to indicate differences in hardiness these investigators made a series of tests at five different times of the year, not only of the freezing point depression, but of the water content, ash content, and hydrogen-ion concentration as well. The results showed considerable variation, although some correlations to hardiness were found.
HOOKER (15) compared hardy and non-hardy apples as to pentosan content of the twigs. Excellent correlation was found between the development of pentosans and resistance to low temperatures. A correlation was also present between pentosan content and water holding and absorbing capacity as measured in a sulfuric-acid-filled desiccator. He advanced the theory that the pentosans, or perhaps some specific pentosan, function in the plant tissue by holding water, which is in the nature of adsorbed or colloidal water, and that this water cannot freeze when the plant is subjected to ordinary winter conditions. ROSA (30, 31, 32) , working on vegetable plants such as cabbage, cauliflower, lettuce, and tomato, got results similar to those of HOOKER. There was a marked parallel between pentosan content and hardiness, indicating that pentosans may be related in part causally to cold resistance. He concluded that salt content, acidity, hydrogen-ion concentration, sugar, moisture, and protoplasmic colloids other than pentosans are also partly responsible.
Among the more recent contributions on hardiness are two by NEWTON (24, 25) . Both of them deal with frost resistance in winter wheat. He worked with several varieties of winter wheat which could be divided into three groups: very hardy, medium, and tender. He determined several properties of the hardened leaf tissue to discover any possible correlation. These properties were depression of the freezing point, specific conductivity, hydrogen-ion concentration of the cell sap, dry matter content, water soluble nitrogen, and sugar content. No constant relation between any of them and hardiness could be found. However, he did find that the imbibition pressure of fresh leaves in the winter hardened condition was in most cases directly related to hardiness. Pressures were as high, in some cases, as 600 atmospheres. The volume of press juice obtained per 100 grams of hardened leaves was inversely proportional to the hardiness of a variety. Unhardened leaves showed neither of these properties. The imbibition pressure of hardened leaves appeared to depend on the physical state of the cell colloids characteristic of living tissues, since this property was lost when the tissue was killed. The quantity of hydrophilic colloids in the press juice of hardened tissues was found to be directly proportional to hardiness.
It is recognized that the colloids found in a growing plant are in competition with the colloids in the soil medium. This is particularly evident in the case of water absorption. To determine the amount of colloidal content present in soils the adsorption of certain dyes from solutions by the soil was found to be a reliable test for colloidal content.
PEARcE and MILLER (27) worked on adsorption of dyes by glacial clays. The clays studied were negatively charged in their colloidal form, and therefore should markedly adsorb such positive dyes as methylene blue and should show very little attraction for the negative dye eosin. Such was found to be the case, the adsorption of eosin being relatively slight and therefore somewhat irregular. The dye solutions were shaken with samples of clay weighing one gram or less and then allowed to stand until settled. Equal amounts of the supernatant dye solution were drawn off and the relative color intensity read with a Duboseq calorimeter.
Three different methods were used by ANDERSON, FRY, GILE, MIDDLETON, and ROBINSON (1) to estimate the amount of colloidal material in soil samples through adsorption. These were (a) water vapor, (b) ammonia and (c) the dye, malachite green. For this last test a solution of the dye was added to the soil sample (0.25 to 1.0 gram), shaken continuously for one hour, and then centrifuged to throw down the suspended matter. The supernatant liquid was then drawn off and the amount of dye remaining determined by reading with a Duboscq colorimeter against a standard dye solution. It was calculated from the adsorption of mineral powders and the mineralogical composition of soils that as a rule less than five per cent. of the total adsorption of the soil is due to the non-colloidal part. Adsorption by non-colloidal constituents should, therefore, not seriously affect adsorptive methods for determining the amount of colloids in soils. In another publication (11) these same workers carried out further tests of colloidality by adsorption of malachite green. The results agreed very closely with tests on adsorption of ammonia gas and of water vapor. ASHLEY (2) in testing clays for plasticity used the dye adsorption method for determining colloidal matter. Brilliant green, malachite green, and gentian violet were some of the dyes used. Malachite green seemed most suitable. He found that the adsorption of a dye by clays supplies an approximate measure of plasticity. MOORE, FRY, and MIDDLETON (21) also used malachite green and secured very nearly the same results as when a dry gas is adsorbed by dry colloidal substance. This fact in itself would seem to justify confidence in the results. PATTEN and WAGGAMAN (26) used gentian violet quite extensively. This dye was found to be well adapted for studying distribution of solute between soil and solution because it was changed very slightly by contact with soils used and because it can be readily estimated calorimetrically to within a fraction of a part in a million of solution.
WILKINSON and HOFF (41) experimented on the adsorptive power of soils using methylene blue, diamine blue 3B, and neutral violet. MILLER (20) in studies on adsorption by activated sugar charcoal was able to show that soils and charcoal have in common the property of removing from solution many of the same types of electrolytes such as the basic dyes, malachite green and methylene blue, acids, salts, etc. The dyes seemed to be held in much the same way by these adsorbents.
It appeared that similar tests applied to plant tissue might also indicate its colloidal content and such results might correlate with observed hardiness. It was with this end in view that these investigations were undertaken. Materials In these tests such dyes as methylene blue, acid fuchsin, eosin, gentian violet, and malachite green were used. Stock solutions of the dyes were made up at a strength of 0.1 gram of dye to 100 cc. distilled water and these were diluted in varying amounts for different tests. For the tests with eosin the stock solution was diluted 1 to 10. A sample of tissue weighing 0.5 gram was placed in a test bottle and to it was added 25 cc. of dilute dye solution. It was shaken at frequent intervals for one hour and then placed in a centrifuge and whirled for five minutes at a speed of 1,000 revolutions per minute. The bottle was then removed and the clear supernatant liquid decanted into one of the cups of a Duboseq colorimeter. In the other cup was placed some of the pure dye solution and the amount of dye removed by the sample found by comparison.
Results
In the case of eosin several samples indicated no adsorption by the material. Acid fuchsin also gave no adsorption indicating that the material is negatively charged like the soils studied by PEARCE and MILLER (27) . Consequently no further tests were made with these dyes.
In working with methylene blue, several dilutions of the stock solution were tried and the one most practicable was found to be 1 to 32, that is, a match of colors in the colorimeter was most easily obtained at this dilution. This dye showed a very marked adsorption by all of the samples.
Since these tests are only comparative, one of the most convenient ways of expressing the results is by the fraction of dye left in solution after treating the sample, which is obtained by dividing the reading of the standard by the reading of the solution tested. The results of this series of tests appear in table I arranged in the order of their numerical magnitude.
By this arrangement there are five varieties that do not conform to the general arrangement of approximate hardiness. These are Northwestern Greening, Hibernal, Wealthy, Oldenberg, and Patten Greening. The rest, although not grouped exactly in the order of known hardiness, yet arrange themselves in three general groups, hardy, semi-hardy, and tender. Gentian violet was then tried in varying dilutions and with varying hydration periods. In some series of tests the samples were allowed to stand as long as over night in the dye solution in order to determine whether the time of hydration might be a factor. No better correlation to hardiness than the results given in the first table was found.
Lastly, malachite green was used. As with the other dyes a stock solution was made up at the rate of 0.1 gram of dye to 100 cc. distilled water. Samples of material weighing 0.5 gram were likewise used. Several series of tests with varying dilutions of the stock solution and varying hydration periods from one hour to several hours were made but in no case was the correlation any better than before.
With the previous tests the material was Here it will be noted that the varieties are grouped very nearly in the order of actual hardiness, indicating that the adsorptive powers of the colloids present are correlated with hardiness. Experienced orchardists, nurserymen, and horticulturists disagree as to the exact relative position of some of these varieties but in general the grouping will be much as given in the above table, the most hardy first.
Discussion and conclusions It should be pointed out here that there is a remarkable similarity between the adsorptive behavior of this plant tissue, and that exhibited by the soils and charcoal studied by MILLER (20) and the soils studied by PEARCE and MILLER (27) , ASHLEY (2) , and others. These materials seem to have in common the property of removing from solution many of the same types of electrolytes such as the basic dyes, malachite green and methylene blue, and show no adsorption with acid dyes. It is well known that the amount of dye these materials will remove from solution has been used as a measure of the adsorptive capacity of decolorizing charcoals and of the clay or colloidal constituents of soils. The dyes appear to be held in much the same way by these adsorbents as by the plant tissues here tested. After a dye has been removed from aqueous solution by either of these three substances, it may be recovered unaltered from the adsorption complex, in part at least, by simple extraction with alcohol, acetone, or other organic solvents. It is interesting and perhaps significant that such apparently different substances should have so many of these properties in common. Soils and this pulverized plant tissue are very complex materials which afford possibilities for many types of reactions, while pure charcoal, which is ordinarily considered to be very inert chemically, can give rise to only one type of reaction and that by virtue of the forces existing at its surface.
The results of these tests indicate rather conclusively that the hydrophilic colloids of the plant are in a large measure concerned in hardiness. In this they agree very closely with the results of NEWTON (25) , HOOKER (15) , ROSA (32) , and others, whose work on colloidal matter of plant tissues has shown a close correlation between the quantity of such material present, and hardiness. That is, it appears certain that the hydrophilic colloids by reason of their relatively enormous adsorptive surfaces hold water within the cell and prevent death from the dehydrating force of freezing. Furthermore, these results indicate that this property may be quantitatively measured in a convenient manner by the adsorption of aniline dyes from solution.
In the tests that have been made it is clear that these measurements of adsorption may be conveniently and advantageously used in measuring the relative hardiness of different varieties of the apple.
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